Vascular disease and the
kidney

r=n Hypertension

ean Non-inflammatory renal vessel
diseases (thrombotic
microangiopathies)

HTN and the kidney

= What is HTN? Why is it important?
= What causes HTN?

= What is the role of the kidney in
regulating BP? Which renal diseases
cause HTN?

= What effects does HTN have on the
kidney?

What is HTN?

What is HTN?

Definition: the level of blood

pressure associated with
significant morbidity and mortality

Definition of HTN (DHHS/NIH)

Diastolic BP Systolic BP
Normal <80 mm And <120 mm

Hg Hg
Pre-hypertension 80-89 or 120-139
Hypertension 90-99 or 140-159
stage 1
Hypertension >100 or >160
stage 2

Why is HTN important?




Why is HTN important?

s<» It's common!

=an It's a risk factor for
cardiovascular and renal disease

san It's treatable

TN Toesday, August 24,2004

1in 3 have hlgh blood pressure study ﬁnds

Heart attack,
stroke risk rises
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Prevalence of Hypertension Increases
With Age: NHANES 1999-2000 Data
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antihypertensives.
Error bars Indicate 95% confidence intervals. Data are weighted to the US population.
Adapted from Hajjar |, Kotchen TA. JAMA. 2003;290:199-206.

Why is HTN important?

B. It's a major risk factor for other
disease

= Cardiovascular disease
(myocardial infarction, stroke)

= Chronic, irreversible renal failure
(end-stage renal disease)

“High-Normal” BP is Not
Benign
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Renal manifestations of
essential HTN

e Microalbuminuria in up to 37%

e Rarely, heavy proteinuria/nephrotic
syndrome

e Elevated creatinine <1%

NB: The high prevalence of HTN makes it
the second leading cause (after
diabetes) of end-stage renal disease in
the U.S.
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JNC 7: Lifestyle Modifications to
Prevent

and Manage Hypertension
iee . Approximate SBP
Modification reduction
Weight reduction | 5-20 mm Hg/10 kg
DASH diet 8-14 mm Hg
Sodium reduction 2-8 mm Hg
Physical activity 4-9 mm Hg
Moderate alcohol
consumption 2-4 mm Hg

DASH = Dietary Approaches to Stop Hypertension.
Chobanian AV et al. JNC 7: Complete Report.
Available at: http: i i

My Doctor said "Only 1 glass of
alcohol a day"”. I can live with that.

1 drink
=250 ml
beer
=100 ml
wine
=35 ml
liquor

ANTIHYPERTENSIVE THERAPY: NUMBER

OF AGENTS REQUIRED TO ACHIEVE
BLOOD PRESSURE GOAL

UKPDS (<150/85 mm Hg)
MORD (<52 mm Hg, MAP)
HOT (<80 mm Hg, diastolic)
AASK (<92 mm Hg, MAP)
RENAAL (<140/90 mm Hg)

IDNT (<135/85 mm Hg)
1

URFDS = United Ksgdom Prospective Diabetes Study, L)
Hrpertensica Oplmal Treetment, ARSK = Al en Amen gld
Endpaints n with the MM.G:

PRt on
53, Lewis £l al, N Engl M




What causes HTN?

Primary (“essential”) (90-95%)

Secondary (5-10%)
e Renal parenchymal disease
Renal large vessel disease

Pregnancy
Endocrine disorders, pheochromocytoma
Coarctation of aorta

Aortic insufficiency

Miscellaneous (drugs, neurogenic)

Determinants of blood
pressure

BP = Cardiac output x peripheral
(arteriolar) resistance

Role of kidney in
regulating blood pressure

Regulates total body water/sodium conte

BP = Cardiac output x peripheral
resistance 1

eRenin-angiotensin syster
eVasodilator substances

What is the role of the
kidney in HTN?

Some factors involved in the regulation of blood pressure

Central nervous system

Which kidney diseases
cause HTN?




Which kidney diseases
cause HTN?

Most chronic renal parenchymal
diseases (e.g. FSGS, IgAN, MPGN)

Large renal artery disease
(i.e renovascular HTN)
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due to renal vascular
disease

Causes

Renal artery atherosclerosis
Fibromuscular dysplasia
Congenital anomalies
Takayasu’s aortitis

Radiation

Tumor

Post-op stricture

Renal artery stenosis

Renal artery
atherosclerosis

& 1
Cl g in hypertension
Contralateral Stenotic
kidney kidney
Suppressed renin Ischemia
Pressure natriuresis
Renin T
Angiotensin |l

Vasoconstriction Aldosterone
Intrarenal hemodynamic changes

Sodium retention
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What effects does HTN
have on the kidney?

Renal pathology of HTN:
Granular surface

Renal pathology of HTN:
Thinned renal cortex

Hypertensive
arteriolosclerosis

Arteriolar sclerosis and hyalinosis

Arterionephrosclerosig-

Glomerulomegaly
Global sclerosis
Perihilar FSGS

Renal pathology of HTN:
arterionephroclerosis

Gross:
shrunken, finely granular kidneys
Micro:
1. Arteriolosclerosis
2. Secondary glomerulosclerosis (FSGS
and global sclerosis)
3. Tubular atrophy and interstitial
fibrosis




Q: In unilateral renal artery
stenosis, which kidney is more
likely to show hypertensive
nephrosclerosis?

Renal disease caused by
HTN

= Essential HTN
= <1% develop ESRD
= A small no. develop proteinuria

= Accelerated (malignant) HTN
= Acute renal failure in most
= Hemolytic anemia
= Headache, Stroke, retinal damage
= 50% mortality is untreated

FTUAITyYyitanic 1rrrvs LR A1}

bitten” kidney
hemorrhages)

= Petechial
hemorrhages

= Capsule may
be smooth if
de novo (90%)

= Granular if
previous HTN
(10%)

Malignant HTN: arteriole with concentric
intimal hype pped RBCs
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Malignant HTN: artery with fibrin thrombus

Malignant HTN: glomerular fibrin thrombi |

Peripheral blood smear in
malignant HTN

£ & ©05 2 _schistocytes
“oo¢ b (fragmented

arterioles/capillaries
(Thrombotic
microangiopathy)

e Hemolytic anemia
e Thrombocytopenia
e Acute renal failure

Tumor emboli
e Antiphospholipid antibody (+/- SLE)
Pregnancy/puerperium
HUS (Shiga toxin) - * / (pre-eclampsia/HUS)
Other causes -
N

Auypical HUS R Dysfunction of organs

pIc + ' Thrombocytopenia
Vasculitis —* Fragmentation of red

. blood cells
«
Bone marrow transplant

N
‘ Acute scleroderma renal crisis ‘

Allograft rejection

Malignant HTN

Drugs '

Tumor emboli
Antiphospholipid antibody (+/- SLE)

TTP b
HUS (Shiga toxin) X * : /

Other causes -
.
Atypical HUS X Dysfunction of organs
pIC . ' Thrombocytopenia
Vasculitis —* Fragmentation of red
. \ blood cells
‘

Bone marrow transplant

N
‘ Acute scleroderma renal crisis

Allograft rejection
Malignant HTN

Wolf G. NDT 2004

Drugs '

Wolf G. NDT 2004




Case Antiphospholipid Antibodies

45 yo WF admitted for skin rash and ARF

History of 3 spontanous abortions

BP 170/84, UE and LE rash; Chest neg, no edema.
BUN 97 mg/dl Creatinine 4.0 mg/dl Palb 3.5
WBC 11.2K Hct 37% pits 114 K, Pt 14 PTT 49
U/A 1+ prot +rbc no casts

ANA + 1: 40; Hep BV,HCV n HIV-, ANCA —
CH50 and C§ ni P BYAHCY neg, HIVS, !

= Anticardiolipin antibody strong positive

Livedo reticularis in APLA syndrome

Underlying Conditions with

Antiphospholipid Antibodies
Systemic Lupus Erythematosus
“Lupus-Like" Syndrome

Primary Anti-phospholipid Syndrome

s me amwm e e F

Livedo reticularis in APLA syndrome
."‘

o O
TG s &
Ischemic wrinkling
fotas SATERED 2

APL syndrome: Glomeruli show ischemic
changes (global wrinkling of glomerular
basement membranes, tuft retraction, and
cystic dilation of Bowman's space)




3 APL syndrome: Arteries show widespread luminal APL syndrome: Arteries show focal entrapped
{RBCs and fibrin (red)

M narrowing with extensive endothelial swelling {

and mucoid intimal fibroplasia

Diagnosis

= Primary antiphospholipid antibody
syndrome with features of
arteriolar and glomerular

thromboses
APL syndrome: Glomerulus shows
segmental intracapillary fibrin
Clinical Manifestations Related to
Anticardiolipin Antibodies Case
= A 4yo girl presents with diarrhea and acute
renal failure.
= Sh i d health until 3 d PTA wh
Recurrent arterial and venous thromboses weiﬁ%sﬂgigﬁggw;e}gr-gd?d and ?,‘ésd s v e'l'
; min
Placental thromboses and spontaneous abortions cfa",},;, e;v, od bloo’jy e e ina
Livedo reticularis became lethargic took in less fluids and her
D) parents brought her to ER.
CNS complications = BP70/45 mm Hg, P130 /min, T 101, Cor-
H - se mi nder , increase
Pulmonary Hypertension BS?:xt- no ed:en!:a, + petechiae on legs.
= WBC 12.2K, Hct 28%, plts 52K, smear with
schistocytes.
= BUN 45 mg/dI, creatinine 3.1 mg/dl.
= U/A 2+ prot. 3+ heme, +rbc TNTC, + rbc casts.




From the Centers for Disease Control
and Prevention m—

Preliminary Report: Foodborne Outbreak
of Escherichia coli O157:H7 Infections From
Hamburgers—Western United States, 1993

Multi-State Outbreak of E. coli 0157:H7
Infections From Fresh Spinach, October

6, 2006 Childhood HUS

= 199 persons = E. coli shigatoxin-associated
infected with _the e = 2.1per 100,000 /yr (peak < 5 yo)
g:?r::lli( strain & ¢ = Warm summer months
015'7“_'7 = Onset GI sx, cramps, diarrhea, n/v,

fever
= 70% bloody diarrhea w/i 2 days
= 5-10% develop renal involvement

reported to CDC
from 26 states.

Transmission of E. Coli -

Role of Shiga Toxin STX
= Epidemic and sporadic HUS = E. coli in cattle (& other animals) —
« E. Coli 0157:H7 produce both STX1 manure, water troughs, farms

and STX2 = Transmit by food or water
« Causes Hem. Colitis & is = Usually beef contaminated at

o slaughter
h ki
ﬁiy:::;tc;ﬁ:" green monkey = Also raw milk, fruit & veg, apple

cider, apple juice, spinach
= Person to person — day care
centers

= STx — E coli in stool for wks
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Shiga Toxin and Cell Injury

Moake, NEJM 2002

Shigatoxin-1 and Endothelium

= Binds to Gb3 on glomerular
endothelium
= Gb3 expression equal in children vs.
adults
= Mechanism for childhood susceptibility
remains undetermined
Ergonul, et al, 2003

Case 4: E.coli-associated HUS

= Pathologic findings

s L6, oSN |
Fibrin thrombi in TMA
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thrombi in glomerular capillaries

Course ARF Childhood HUS

= 50% dialysis

= 75% transfusions

= 25% Neuro sx ( CVA, sz, coma )
= 3-5% die in acute phase

= Long term renal dysfunction is
common

Higher Risk HUS

= Antibiotics

= Bloody diarrhea
= Fever, vomiting
= Leukocytosis

» <5yo0

= females

Residual Renal Disease in
Childhood HUS

= 3-18% ESRD

= 10-40% low GFR, proteinuria,
CRF, HBP

= Duration of anuria predicts poor
renal outcome

<10days » 7.5%
>16days > 42.5%

Systemic
Manifestations

Manifestations
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Patient with Thrombotic

Normal Subject
Thrembocytopenic Purpura
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purpura (TTP)

= CNS signs predominate

Aumrsh

= Deficiencies of VWF cleaving
metalloproteinase (ADAMTS13) £
» Hereditary (rare) “
= Acquired (autoantibodies) sl \ i %“ 'W:':f:mr“
S ;
. :m::‘un j .
Weiol - Palade body Waeibe! - Patade body
e mtimers from e multiars o
AA B




